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McDonnell  Douglas  C o r p o r a t i o n  h a s  f o r w a r d e d  to OMSF 
a d e s c r i p t i o n  of  t h e  "McDonnell S i n g l e  Wall Cryogen S t o r a g e  
Sys tem" which h a s  p o s s i b l e  uses i n  AAP. T h i s  i s  a s u p e r c r i t i c a l  
s u p e r i n s u l a t e d  s i n g l e  wall t a n k  i n  compar i son  w i t h  t h e  s u p e r -  
c r i t i c a l  d o u b l e  wall  Dewar t a n k s  which have  been  u s e d  i n  Gemini 
a n d  A p o l l o  and are u n d e r  deve lopment  for t h e  i n i t i a l  AAP m i s s i o n s  
The McDonnell  t a n k  i s  shown t o  b e  l e s s  complex,  l i g h t e r  and 
c h e a p e r  b u t  to r e q u i r e  a c t i v e  g round  c o o l i n g .  

The memorandum c o n c l u d e s  t h a t  t h e  3ewars  u n d e r  d e v e l o p -  
ment w i l l  do t h e  i n i t i a l  AAP j o b  w i t h  a minimum p e r t u r b a t i o n  t o  
s p a c e c r a f t  s y s t e m s  and t o  ground s u p p o r t  e q u i p m e n t .  For l o n g e r  
d u r a t i o n  A A P  f l i g h t s  which no l o n g e r  r e q u i r e  hydrogen  b u t  do 
r e q u i r e  i n c r e a s i n g  q u a n t i t i e s  of oxygen and  n i t r o g e n  t h e r e  a r e  
s i g n i f i c a n t  w e i g h t  a d v a n t a g e s  to u s i n g  s u p e r i n s u l a t e d  s i n g l e  
w a l l  t a n k s  and  s u i t a b l e  p r e l a u n c h  g round  c a p a b i l i t i e s  can  be  
d e v e l o p e d .  
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McDonnell  Douglas  C o r p o r a t i o n  h a s  r e c e n t l y  f o r w a r d e d  
t o  OMSF a d e s c r i p t i o n  of t h e  "McDonnell  S i n g l e  Wall Cryogen 
S t c r a g e  Sys t em."  (') A t t a c h e d  t o  t h e  c o r r e s p o n d e n c e  were some 
p h o t o g r a p h s  o f  a 39 i n c h  c r y o g e n i c  t a n k  i n  f a b r i c a t i o n ,  a 
" P r o p r i e t a r y "  r e p o r t  , and a t a b l e  ( r e p r o d u c e d  and a t t a c h e d  t o  
t h i s  memorandum as T a b l e  1) which compares  t h e  s a l i e n t  c h a r a c -  
t e r l s t i c s  o f  t h e  Dewar t a n k s  c u r r e n t l y  being: d e v e l o p e d  f o r  AAP 
w i t h  t h e  XcDonnel l  s i n g l e  w a l l  t a n k .  The McDonnell t a n k  i s  
shown t o  b e  l i g h t e r ,  c h e a p e r , a n d  s i m p l e r  b u t  t o  r e q u i r e  a c t i v e  
g r o u n d  c o o l i n g .  The g e n e r a l  s u b j e c t  o f  c u p e r i n s u l a t e d  s u p e r -  
c r i t i c a l  c r y o g e n i c  s t o r a g e  systems (of which t h e  McDonnell  
t a n k  i s  a s p e c i f i c  example )  i s  w e l l  known and w e l l  r e p o r t e d  s o  
t h a t  t h e  p l a c e  of  s u c h  s y s t e m s  i n  A A P  can  b e  e v a l u a t e d  w i t h o u t  
r e c o u r s e  t o  " P r o p r i e t a r y "  i n f o r m a t i o n .  

Gemini was t h e  f i r s t ,  manned p r o g r a n  t o  u s e  o u p e r -  
c r i t i c a l  c r y o g e n i c  s t o r a g e  o f  hydrogen  and  oxygen t o  s u p p l y  
r e a c t a n t s  t o  f u e l  c e l l s  and b r e a t h i n g  oxygen t o  t h e  c a b i n  atmos-  
p h e r e .  The Gemini Dewar t a n k s  c a r r i e d  a b o u t  2 4  pounds o f  hydro -  
gen and  180 pounds of oxygen for t h e  e l e c t r i c a l  power s y s t e m .  
A Dewar t a n k  or f l a s k  has an e v a c u a t e d  s p a c e  be tween an i n n e r  
and  o u t e r  w a l l  i n  which r a d i a t i o n  h e a t  exchange  i s  c o n t r o l l e d  
by b a r r i e r s  o r  s u r f a c e  c o a t i n g s .  A d d i t i o n a l  s u p e r i n s u l a t i o n  
was u s e d  o u t s i d e  t h e  d o u b l e - w a l l e d  hydrogen  t a n k  of Gemini VI1 
to f u r t h e r  c u t  down h e a t  l eakage .  S u p e r i n s u l a t i o n  i s  a s y s t e m  
of r a d i a t i o n  b a r r i e r s  which a r e  e f f e c t i v e  o n l y  when o p e r a t e d  
i n  a vacuum s u c h  as t h e  n a t u r a l  s p a c e  e n v i r o n m e n t .  

S u p e r c r i t i c a l  means t a n k  o p e r a t i o n  a t  p r e s s u r e s  above  

f o r  hydrogen)  and p e r m i t s  t h e  d e l i v e r y  of a s i n g l e  p h a s e  to t h e  
u s e r  s y s t e m s .  S u b c r i t i c a l  o p e r a t i o n  r e q u i r e s  e i t h e r  p o s i t i v e  
e x p u l s i o n  d e v i c e s  t o  m a i n t a i n  t h e  l i q u i d  p h a s e  or s p e c i a l  t e c h -  
n i q u e s  t o  s e p a r a t e  l i q u i d  from v a p o r  p r i o r  to v e n t i n g  or d e l i v e r y .  
On t h e  who le ,  s u b c r i t i c a l  s y s t e m s  t e n d  t o  b e  l i g h t e r  b u t  more com- 
p l e x  t h a n  s u p e r c r i t i c a l  s y s t e m s .  ( * )  
terns a re  s u p e r c r i t i c a l .  

t h p  rr1t-ic.l n n i n f  pre:sgyes (736 p s i 2  for ojrj;g?ii ai?d 187 psis r----- 

I n  t h i s  compar i son  b o t h  sys- 

The Apo l lo  Program S e r v i c e  Module h a s  a s u p e r c r i t i c a l  
c r y o g e n i c  s t o r a g e  s y s t e m  f o r  f u e l  c e l l  and c a b i n  a t m o s p h e r e  u s e s .  
T h e r e  a re  two hydrogen  t a n k s  w i t h  a t o t a l  c a p a c i t y  of a b o u t  56  
pounds  and  two oxygen t s n k s  w i t h  a t o t a l  c a p a c i t y  of a b o u t  6 4 0  
p o u n d s .  The nomina l  ~ l - ; t , , L i t i n g  p r e s s u r e s  a r e  2 4 5  p s i a  and  900 p s i a ,  
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r e s p e c t i v e l y .  P r i o r  t o  l aunch  t h e  t a n k s  a r e  i n i t i a l l y  p u r g e d  
w i t h  d r y  n i t r o g e n  o r  h e l i u m  g a s  and t h e n  f i l l e d  w i t h  l i q u i d  
oxygen or hydrogen  a t  a p p r o x i m a t e l y  a t m o s p h e r i c  p r e s s u r e s .  
Af te r  a s y s t e m  ch i l l -down  p e r i o d  of' up t o  24  h o u r s  d u r i n g  which  
t h e  l i q u i d s  v a p o r i z e  and  a r e  v e n t e d ,  t h e  t a n k s  are  t o p p e d  o f f  and  
c l o s e d  and  t h e  f i l l  and v e n t  c o n n e c t i o n  removed.  From t h i s  
i n i t i a l  c o n d i t i o n  o f  an e s s e n t i a l l y  s a t u r a t e d  l i q u i d  a t  atmos-  
p h e r i c  p r e s s u r e ,  t h e  p r e s s u r e  b e g i n s  t o  r i s e  d u e  t o  n a t u r a l  
heat leak a l o n g  a c o n s t a n t  d e n s i t y  l i n e  u n t i l  i t  r e a c h e s  t h e  
o p e r a t i n g  p r e s s u r e  as a s u p e r c o o l e d  l i q u i d  and can  t h e n  b e g i n  
t o  s u p p l y  t h e  f u e l  c e l l s  and E n v i r o n m e n t a l  C o n t r o l  S y s t e m .  T h e  
t i m e  f rom a t m o s p h e r i c  p r e s s u r e  t o  o p e r a t i n g  p r e s s u r e  w i t h  n a t u r a l  
hea t  leak  o n l y  i s  c a l l e d  t h e  s t a n d b y  t ime and i s  on t h e  o r d e r  o f  
2 4  h o u r s .  I n  p r a c t i c e  t h e  h e a t e r s  and  f a n s  i n t e r n a l  t o  t h e  t a n k s  
a r e  u s e d  t o  b r i n g  t h e  sys t em t o  o p e r a t i n g  p r e s s u r e  i n  l e s s  t h a n  
two h o u r s .  ( 3 )  Up u n t i l  l aunch  t h e  i n t e r i o r  o f  t h e  S e r v i c e  Module 
i s  p u r g e d  w i t h  d r y  n i t r o g e n  t o  p r e v e n t  t h e  b u i l d  up o f  f r o s t  on 
t h e  o u t s i d e  o f  t h e  Dewars. 

A A P  has  u n d e r  development  l a r g e r  t a n k s  ( 4 1 . 5  i n  0 .D. , 
39 i n  I . D . )  t o  p r o v i d e  for e x t e n d e d  d u r a t i o n  o p e r a t i o n  o f  f u e l  
c e l l s  and E n v i r o n m e n t a l  C o n t r o l  S y s t e m s .  These  t a n k s  w i l l  we igh  
300 pounds ( w i t h o u t  s u p p o r t s ) ,  o p e r a t e  be tween 850 and 950 p s i a ,  

and  have  a s t a n d b y  t i m e  o f  50 h o u r s .  A S e r v i c e  Module i n -  
s t a l l a t i o n  w i l l  b e  t h r e e  t a n k s  w i t h  225 pounds o f  u s a b l e  h y d r o g e n ,  
t h r e e  t a n k s  w i t h  3600 pounds o f  u s a b l e  oxygen and one t a n k  w i t h  
850 pounds of u s a b l e  n i t r o g e n  ( f o r  a two-gas a t m o s p h e r e ) ,  Re- 
c a u s e  t h e y  w i l l  i n t e r f a c e  w i t h  e x i s t i n g  equipment  i t ' s  e x p e c t e d  
t h a t  t h e y  w i l l  b e  s e r v i c e d  and o p e r a t e d  i n  a manner s i m i l a r  t o  
A p o l i o .  

A s  c r y o g e n i c  q u a n t i t i e s  and m i s s i o n  d u r a t i o n  i n c r e a s e  
t h e r e  i s  a t e n d a n c y  t o  i n c r e a s e  t h e  s i z e  o f  t h e  Dewars. 
i s  f u n d a m e n t a l l y  b e c a u s e  t h e  s u r f a c e  t o  volume r a t i o  and t h e r e -  
f o r e  t h e  heat  l e a k  p e r  pound of  f l u i d  d e c r e a s e s  w i t h  s i z e  w h i l e  
f o r  a g i v e n  p r e s s u r e  and  t a n k  mater ia l  t h e  t a n k  weight  p e r  pound 
o f  f l u i d  r e m a i n s  f a i r l y  c o n s t a n t .  T h i s  g e n e r a l i z a t i o n  i s  m i t i -  

15-2056 o f  t h e  t o t a l  hea t  leak  i s  c o n t r i b u t e d  b y  t h e  s u p p o r t s ,  
p lumbing ,  i n s t r u m e n t a t i o n  and o t h e r  a c c e s s o r i e s .  A s  t h e  a r ea  
hea t  l e a k  d e c r e a s e s  t h e s e  c o n t r i b u t i o n s  become a l i m i t i n g  f a c t o r .  
The f r a c t i o n  of t h e  h e a t  l e a k  which must  b e  a l l o c a t e d  t o  s u p p o r t s  
w i l l  depend on s p e c i f i c  m i s s i o n  and  s y s t e m  c h a r a c t e r i s t i c s .  
A n o t h e r  d e s i g n  f a c t o r  i s  t h e  we igh t  o f  t h e  o u t e r  s h e l l  of  t h e  
Dewar. 
o u t e r  s h e l l  i s  d e s i g n e d  by t h e  c o m p r e s s i v e  l o a d s  o f  t h e  atmos-  
p h e r e  and  t e n d s  t o  f a i l  i n  b u c k l i n g .  
t h i s  s h e l l  must  b e  s t i f f e f l c ? d  w i t h  a t t e n d a n t  we igh t  i n c r e a s e  or 
a d d i t i o n a l l y  s u p p o r t e d  f r \m t h e  i n n e r  s h e l l  w i t h  a t t e n d a n t  i n -  
c r e a s e  i n  thermal  l e a k .  

T h i s  

ga t ed  however ,  by R n i i m h ~ r  n f  design f a c t n r s .  C12yymnt l&y 25 cut 

While  t h e  i n n e r  s h e l l  i s  d e s i g n e d  by t e n s i l e  l o a d s ,  t h e  

A s  t a n k  s i z e  i n c r e a s e s  



BELLCOMM, INC.  - 3 -  

The c o n c e p t  o f  s u p e r i n s u l a t i o n  makes U B e  of t h e  
n a t u r a l  vacuum o f  s p a c e  t o  r e p l a c e  t h e  vacuum j a c k e t  of t h e  
Dewar. 
and  i n  a vacuum t h e  hea t  t r a n s f e r  i s  apprOXfmat@ly I n v e r s e l y  
p r o p o r t i o n a l  t o  t h e  number of s h i e l d s .  
of  a r a d i a t i o n  s h i e l d  i s  c r i n k l e d  Mylar ,  a l u m i n i z e d  on one  s i d e ,  
w i t h  30-40 l a y e r s  o c c u p y i n g  abou t  one h a l f  i n c h  i n  t h i c k n e s s .  
T h i s  t y p e  of i n s u l a t i o n  can  s h a r p l y  r e d u c e  heat  leak f o r  o r b i t a l  
f l i g h t  w i t h  v e r y  l i t t l e  we igh t  p e n a l t y .  
p rob lems  are t u n n e l i n g  and gas e n t r a p m e n t  
when t h e  s p a c i n g  be tween l a y e r s  i s  r e d u c e d  to a f r a c t i o n  of t h e  
w a v e l e n g t h  of  t h e  peak  of t h e  b l a c k  body e m i s s i o n  c u r v e  and  i s  
u s u a l l y  c r e a t e d  b y  s t r u c t u r a l  or o t h e r  p r e s s u r e s  e x t e r n a l  t c  t h e  

i n s u l a t i o n .  (6) 
l o c a l  v e n t i n g  w i l l  i n c r e a s e  heat t r a n s f e r  by  mgbecu la r  c o n d u c t i o n .  
With s u c h  an e f f i c i e n t  area i n s u l a t i o n  t h e  h e a t  l eaks  of s u p p o r t s ,  
p lumbing ,  i n s t r u m e n t a t i o n  and a c c e s s o r i e s  becomes s t i l l  more i m -  
p o r t a n t  and may amount t o  h a l f  of t h e  t o t a l ,  T h e  McDonnell 
a p p r o a c h  i s  t o  s u p p o r t  t h e  t a n k  on low c o n d u c t i v i t y  f i b e r g l a s s  
t e n s i o n  t i e s  wrapped w i t h  s u p e r i n s u l a t i o n .  With most b o n d i n g  
r e s i n s  t h e  t e n s i l e ,  c o m p r e s s i v e ,  and f l e x u r a l  s t r e n g t h  of f i b e r -  

g l a s s  a l l  i n c r e a s e  a t  c r y o g e n i c  t e m p e r a t u r e s .  ( 5 )  
o f  t h i s  approach  h a s  p r o b a b l y  been  d e m o n s t r a t e d  by McDonnel l ' s  
p r e l i m i n a r y  t e s t s  which  i n d i c a t e d  an o r b i t a l  hea t  l eak  of l ess  
t h a n  9 B t u / h r  for a 39 i n c h  t a n k .  

A s i n g l e  wa l l  t a n k  i s  s u r r o u n d e d  b y  r a d i a t i o n  s h i e l d s  

A p r o m i s i n g  example  

( 5 )  

The P r i n c i p l e  o r b i t a l  
T u n n e l i n g  o c c u r s  

Gasses t r a p p e d  be tween t h e  l a y e r s  b y  i n s u f f i c i e n t  

The e f f e c t i v e n e s s  

The s u p e r i n s u l a t e d  t a n k  can b e  l i g h t e r  and b e t t e r  i n -  
s u l a t e d  t h a n  t h e  Dewar for o r b i t a l  o p e r a t i o n s ,  b u t  i t  d o e s  s o  a t  
t h e  e x p e n s e  of  p r e l a u n c h  pe r fo rmance .  It IS pTOb2b:j; apJvi -------: up1 i a b c  

f o r  r e a l l y  l o n g  d u r a t i o n  f l i g h t  r e q u i r i n g  l a r g e  q u a n t i t i e s  of 
a t m o s p h e r i c  gasses t o  emphasize o r b i t a l  pe r fo rmance  o v e r  g round  
p e r f o r m a n c e  b e c a u s e  t a n k  weight  becomes a l a r g e  f r a c t i o n  of t h e  
p a y l o a d .  The AAP-3 empty t a n k  i n S t a l l a t i Q n ,  for i n s t a n c e  , weighs 
a b o u t  2000 pounds .  C e r t a i n  minimum p r e l a u n c h  p e r f o r m a n c e  , how- 
e v e r ,  i s  s t i l l  r e q u i r e d .  McDonnell has  added t h r e e  t h i n g s :  a 
s u b s t r a t e  of foamed p o l y u r e t h a n e ,  a c o o l i n g  c o i l  e x t e r i o r  t o  t h e  
tan!:, ~ c ?  2 gas-piirged p o l y e t h y l e n e  bag o u t s i d e  t h e  s u p e r i n s u l a -  
t i o n .  With t hese  s t e p s  t h e  p r e l a u n c h  h e a t  leak  f o r  t h e  39 i n c h  
oxygen t a n k  i s  s t i l l  e s t i m a t e d  t o  be  500 B t u / h r  and t h e  s t a n d b y  
t i m e  w i t h o u t  c o o l i n g  i s  1 8  h o u r s ;  t h e  s t a n d b y  t i m e  o f  a hydrogen  
t a n k  i s  o n l y  3 . 2  h o u r s .  SJith c o o l i n g ,  s t a n d b y  t imes can  be ex-  
t e n d e d  i n d e f i n i t e l y .  T h e  e x t e r i o r  o f  t h e  t a n k  and  t h e  s u p e r i n -  
s u l a t i o n  i s  u s u a l l y  p u r g e d  w i t h  d r y  n i t r o g e n ,  f o r  oxygen and 
n i t r o g e n  t a n k s ,  and w i t h  d ry  h e l i u m ,  f o r  hydrogen  t a n k s .  T h i s  
p r e v e n t s  f o r m a t i o n  of f r o s t  and a t m o s p h e r i c  cryo-pumping and  
t h e  a t t e n d a n t  i n c r e a s e s  i n  weight  and h e a t  l e a k .  
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I n  summary, i t  i s  a p p a r e n t  t h a t  t h e  41.5 i n  Dewar 
t a n k s  u n d e r  deve lopment  for t h e  i n i t i a l  AAP f l i g h t s  w i l l  do  
t h e  j o b  and  w i l l  do i t  w i t h  a minimum p e r t u r b a t i o n  t o  o t h e r  
s p a c e c r a f t  s y s t e m s  o r  t o  g round  s u p p o r t  equipment  and  p r o -  
c e d u r e s .  The s u b s t i t u t i o n s  of s u p e r i n s u l a t e d  t a n k s  would re- 
q u i r e  a d d i t i o n a l  s p a c e c r a f t  m o d i f i c a t i o n s  and a m a j o r  a l t e r a -  
t i o n  o f  g r o u n d  s u p p o r t  equipment  f o r  t e s t i n g  and p r e l a u n c h  
a c t i v i t i e s .  T h i s  i s  p a r t i c u l a r l y  t r u e  o f  t h e  h y d r o g e n  t a n k  
w i t h  i t s  r e q u i r e m e n t  f o r  c o o l i n g  w i t h  h e l i u m  or s l u s h  h y d r o g e n .  

For l o n g e r  d u r a t i o n  AAP f l i g h t s ,  however ,  s u p e r i n -  
s u l a t e d  t a n k s  w i l l  d e f i n i t e l y  b e  p r e f e r r e d .  F i r s t ,  f u e l  c e l l s  
w i l l  g i v e  way t o  s o l a r  c e l l s  as t h e  p r i m a r y  power s o u r c e  and  
as a consequence  hydrogen  s t o r a g e  w i l l  no l o n g e r  b e  r e q u i r e d .  
S e c o n d ,  as d u r a t i o n  i n c r e a s e s  t h e  n e e d  f o r  t h e  more e f f e c t i v e  ’- 
p o t e n t i a l  o r b i t a l  pe r fo rmance  o f  s u p e r i n s u l a t e d  t a n k s  i n c r e a s e s .  
F i n a l l y ,  as a t m o s p h e r i c  g a s  q u a n t i t i e s  i n c r e a s e  and  optimum t a n k  
s i z e s  i n c r e a s e  t h e  weight  a d v a n t a g e  of s i n g l e  wal l  w i l l  become 
i n c r e a s i n g l y  s i g n i f i c a n t .  It 
r e p o r t  and o t h e r  s t u d i e s  t h a t  
b i l i t i e s  can  be  d e v e l o p e d .  

1021-PLH-dcs 

At tachmen t  

i s  a p p a r e n t  f rom t h e  McDonnell  
s u i t a b l e  p r e l a u n c h  g r o u n d  caps- 
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E n c l o s u r e  ( I )  
JFY- 15 4 

DEWAR* 

U n i t  C o s t  ( f i r s t  1 0 )  $130,000 
e 

Empty Weight 340 /I t o  ta 1 

Per fo rmance  

Ground .3X R o i l o f f  i n  24 h r s .  

O r b i t a l  Approxi.mately 10  BTU/hr. 
p r e d i c t e d .  

A c t  i v e  Ground C o o l i n g  Not Requi red  

O r b i  t a l  R e g e n e r a t i o n  I n n e r  s h e l l  s u p p o r t s  
C o o 1 i.n g and Vapor S h i e l d s  re- 

q u i r e  c o o l i n g  

Sys tern Complex i ty  and Higher  
R e l a t e d  R e l i a b i l i t y  P e n a l t y  

MCDONSELL SINGLE WALL 

$75,000 

2 a 3 /I t 0 t a 1 

Zero b o i l o f f  a s  i o n 2  a s  
ground c o o l i n g  i s  u s e d .  

L e s s  t l inn I O  B T U / € i r .  h e a t  
l e a k  measured .  

Requ i red  

Not r e q u i r e d  - i t  . -  i is t .L ,  

w i l l  i n c r e a s e  o r b l t a i  
t h e r m a l  pe r fo rmance  

Low 

* E s t i m a t e d  Va lues  

TABLE 1 
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